Materials and Methods
Constructs. The DNA-binding domain of MYC (residues 353-434, UniProt ID P01106-1), MAX (residues 22-102, UniProt ID P61244-1), MAD (residues 55-136, UniProt ID Q05195-1 with mutations C75S and C101S), MONDOA (718-797, UniProt ID Q9HAP2 -1 with mutations C738S and C797S), MLX (residues 128-215, UniProt ID Q9UH92-1 with mutation C159S), or modified MYC (ΔMYC, mutations V354S, V361G, L362S, L370G, F374S, F375G, L377S, I381G, L384S, V393G, V394S, I395G, L396S, I403G, L404S, V406S, L413S, I414G, L419S, L420G, L427S, L431G and L434S) was inserted into the NcoI and XhoI sites of the pET19b vector. Proteins start with an N-terminal His 6tag followed by an HRV-3C protease cleavage site and an N-terminal linker (CSG) to minimize interferences of dyes with the folding coupled binding reactions. A C-terminal labeling linker (GSC) was also introduced. Plasmids were provided by GenScript. The sequences of all constructs in this work are summarized in Table S1 . Protein expression. Proteins were expressed in E. coli BL21(DE3) cells. A 50 ml overnight culture grown at 37 °C and supplemented with 100 µg ml -1 ampicillin was used to inoculate 4 l of lysogeny broth, supplemented with 100 µg ml -1 ampicillin, divided in 8 2.5 l flasks. The cultures were grown under vigorous shaking at 37 °C to an optical density of 0.6 -0.8 cm -1 (at 600 nm). Then 0.5 mM isopropyl-β-D-thiogalactoside was added to start induction at 30 °C for 5 h (for His 6 -MAX and His 6 -ΔMYC) or 6 h (for His 6 -MYC, His 6 -MAD, His 6 -MLX, and His 6 -MONDOA). After induction, the cultures were cooled to 4 °C and centrifuged at 3000 g for 30 min at 4 °C. The cell pellet was washed with 80 ml of ice-cold buffer (10 mM Tris-HCl pH 7.5, 300 mM NaCl), divided in two equal parts and centrifuged at 3000 g for 30 min at 4 °C. The supernatants were discarded and the pellets stored at -80 °C.
Protein purification from inclusion bodies (His 6 -MYC, His 6 -MAD, His 6 -MLX). The standard protocols for inclusion body isolation and solubilization were used (1) . The cell pellet from 2 l culture was re-suspended in 100 mM Tris-HCl pH 7.0, 1 mM EDTA (25 ml per 5 g wet weight cell pellet) and incubated with lysozyme (1.5 mg per g wet weight cell pellet) for 30 min on ice with stirring. Afterwards, the sample was sonicated on ice using an ultra-sonicator (Vibra-Cell, Sonics) at 70 % amplitude for 5 times 30 s with a 2 s on / 8 s off pulse. MgCl 2 , CaCl 2 and DNase I to a final concentration of 3 mM, 0.1 mM and 2 U ml -1 , respectively, were added to the mixture and the sample was incubated for 30 min at room temperature with stirring. Then, 0.5 vol. of 60 mM EDTA, 6 % Triton-X-100, 1.5 M NaCl, pH 7.0 was added and the sample was incubated for 60 min on ice with stirring. After centrifugation at 40,000 g for 30 min at 4 °C, the pellet was washed with 100 mM Tris-HCl pH 7.0, 20 mM EDTA (40 ml per 5 g wet weight cell pellet) and again centrifuged at 40000 g for 30 min at 4 °C.
The washed pellets were dissolved in 100 mM Tris-HCl pH 8.0, 100 mM DTT, 1 mM EDTA, 6 M guanidinium chloride (GdmCl) (measured pH 7.3)(2) (5 ml per 50 mg inclusion body pellet) overnight at 4 °C with stirring. After centrifugation at 20,000 g for 30 min at 4 °C, the supernatant was filtered (0.45 µm, Sartorius) and loaded at 4 °C at 1 ml min -1 onto an HiPrep 26/10 Desalting column (GE Healthcare) equilibrated with buffer A (50 mM Tris-HCl pH 7.6, 100 mM NaCl, 6 M GdmCl (measured pH 6.9)(2) to remove DTT. Protein fractions were pooled and further purified at 4 °C by immobilized metal ion affinity chromatography (5 ml HisTrap HP column, GE Healthcare). After equilibrating the resin with buffer A, the sample was loaded at a flow rate of 0.5 ml min -1 .
The column was washed with 20 ml buffer A and additionally with 20 ml of 85% Buffer A and 15% buffer B (50 mM Tris-HCl pH 7.6, 100 mM NaCl, 6 M GdmCl, 500 mM imidazole (measured pH 6.9)(2) at a flow rate of 1 ml min -1 . The protein was eluted with 20 ml of buffer B at a flow rate of 1 ml min -1 . Protein fractions were pooled. The protein concentrations of His 6 -MYC and His 6 -MLX were determined from the absorbance at 280 nm using the extinction coefficient at 280 nm of 1490 M -1 cm -1 and 4595 M -1 cm -1 , respectively. Because His 6 -MAD does not contain aromatic residues, the protein concentration was determined via the bicinchoninic acid (BCA) method(3) using a BCA protein assay reagent kit (Pierce Co.) after removal of imidazole using a PD10 desalting column (GE Healthcare) equilibrated with buffer A. All proteins were concentrated (VivaSpin 6 MWCO 3 kDa cut off, GE Healthcare) to ~ 6 mg ml -1 and drop-frozen in liquid nitrogen and stored at -80 °C.
Protein purification from the soluble fraction (His 6 -MAX, His 6 -ΔMYC, and His 6 -MONDOA). The cell pellet from 2 l culture was re-suspended in 50 mM Tris-HCl pH 7.6, 100 mM NaCl, 10 % glycerol, 0.5 mM DTT, 0.5 mM phenyl-methanesulfonyl fluoride (PMSF), 5 µM leupeptin, 2.5 µg ml-1 pepstatin (25 ml per 5 g wet weight) and sonicated on ice using an ultrasonicator (Vibra-Cell, Sonics) at 70 % amplitude for 5 times 30 s with a 2 s on / 8 s off pulse. The soluble fraction was collected by centrifugation at 40000 g for 30 min at 4 °C and the supernatant was filtered (0.45 µm, Sartorius) and loaded at 4 °C with a flow rate of 0.5 ml min -1 onto a 5 ml HisTrap HP column (GE Healthcare) equilibrated with buffer A-Sol (50 mM Tris-HCl pH 7.6, 100 mM NaCl, 10 % glycerol). The column was washed with 20 ml buffer A-Sol, 20 ml of buffer A and additionally with 20 ml of 85% buffer A and 15% buffer B at a flow rate of 1 ml min -1 . The protein was eluted with 20 ml of buffer B at a flow rate of 1 ml min -1 .
Protein fractions were pooled. The protein concentrations of His 6 -MAX, His 6 -ΔMYC, and His 6 -MONDOA were determined from the absorbance at 280 nm using the extinction coefficient at 280 nm of 2980 M -1 cm -1 , 1490 M -1 cm -1 , and 1490 M -1 cm -1 , respectively.
All proteins were concentrated (VivaSpin 6 MWCO 3 kDa cut off, GE Healthcare) to ~ 6 mg ml -1 and drop-frozen in liquid nitrogen and stored at -80 °C.
Removal of the His 6 -affinity tag. The affinity tags of all proteins were removed using HRV-3C protease. Briefly, a solution containing 150 µM protein and 0.1 mg ml -1 HRV-3C protease in 50 mM sodium phosphate pH 7.3, 6 M GdmCl, 5 mM DTT (measured pH 6.7)(2) was dialyzed overnight against 50 mM sodium phosphate pH 7.3, 100 mM Larginine, 1 mM DTT (300 times the volume of the sample) at 4 °C. Afterwards, the sample was diluted twice with 50 mM Tris-HCl pH 7.6, 100 mM NaCl, 6 M GdmCl, 150 mM imidazole (measured pH 6.9)(2) and loaded at 4 °C at 2 ml min -1 onto a 5 ml HisTrap HP column (GE Healthcare) equilibrated with 85% buffer A and 15% buffer B.
The column was washed with 20 ml 85 % buffer A and 15 % buffer B. The flow-through containing the cleaved protein was collected. The protease and non-cleaved proteins were eluted with 20 ml of buffer B at a flow rate of 2 ml min -1 . Protein fractions were pooled and protein concentrations were determined either from the absorbance at 280 nm or using a BCA protein assay reagent kit (Pierce Co.). The proteins were concentrated (VivaSpin 6 MWCO 3 kDa cut off, GE Healthcare) to ~ 3 mg ml -1 and drop-frozen in liquid nitrogen and stored at -80 °C.
Fluorophore labeling with AlexaFluor 488 (donor) and AlexaFluor 594 (acceptor).
To reduce the proteins before labeling, 100 mM DTT was added to the sample. After an incubation time of 15 min at room temperature, the proteins were purified via reversed phase HPLC using a ZORBAX Eclipse Plus C18 (3.5 µm) column (Agilent) equilibrated with 0.1% trifluoroacetic acid (TFA). MYC, MAX, and MAD were eluted with gradients from 15% -60% acetonitrile (ACN) in 13 ml; 9% -17.5% ACN in 14 ml for ΔMYC, 15% -60% ACN in 10 ml for MLX, and 25% -50% ACN in 13 ml for MONDOA.
Purified proteins were lyophilized and stored at -80 °C. 28% -33% ACN in 13 ml (MAD); 26% -31% ACN in 13 ml (MAX); 12.5% -22.5% ACN in 18 ml (ΔMYC); 27% -35% ACN in 23 ml (MLX), and 32% -39% ACN in 20 ml (MONDOA). The pooled fractions were lyophilized and stored at -80 °C.
The donor-labeled protein was re-solubilized in buffer L to obtain a protein concentration of approximately 20 µM and the correct protein concentration was determined using the absorbance at 493 nm and the extinction coefficient of the Alexa 488 dye (72000 M -1 cm -1 ). A 5-fold excess of acceptor dye (Alexa 594 C5 Maleimide (Molecular Probes)) was added and samples were incubated for 180 min at (25°C, 300 rpm). Afterwards, the reaction was quenched using β-mercaptoethanol.
Again, reversed phase HPLC was used to remove free label using the same column as described above. The doubly labeled proteins were eluted using the following gradients: Single-molecule data analysis. Fluorescence bursts from individual molecules were determined by combining successive photons separated by inter-photon times of < 100 µs into one burst with n D and n A photons counted in the donor and acceptor detection channels, respectively. Identified bursts were corrected for background, differences in quantum yields of donor and acceptor, different collection efficiencies in the detection channels, cross-talk, and direct acceptor excitation as described previously (4) . Transfer efficiency histograms were obtained from bursts with n′ A + n D > 50 (low GdmCl and salt concentrations), > 75 (protein-protein binding experiments), and > 100 (high GdmCl and salt concentrations) according to:
where α = 0.048 is the ratio of the extinction coefficients of Alexa 594 and Alexa 488 at the laser donor excitation wavelength, β is the ratio of donor photons detected in the acceptor channel (crosstalk), and γ =ηAQA/ ηDQD is the ratio of the products of quantum yields and detection efficiencies for acceptor and donor. We obtained values for α, β, and γ at room temperature (T = 296 K) as described previously (4). FRET histograms were fitted with a combination of a lognormal (donor-only) and Gaussian distributions (5) . For binding experiments with unlabeled protein, the width and position of the FRET-peaks were fixed to minimize the number of free fitting parameters, and the area under the histogram curve for each subpopulation was determined using numerical integration. For distance calculations based on mean transfer efficiencies, the Förster radius measured in water R 0 x ( ) was corrected for the different refractive indices of the solutions according to:
where n(x) is the refractive index of the sample at condition x. Refractive indices were measured with an Abbe refractometer (Krüss) and were used to calculate the exact salt and urea concentrations (6, 7) . The Foerster distance in water is = 5.4 nm (8). R 0,0 Two-dimensional fluorescence lifetime vs. transfer efficiency plots. To check whether dynamic quenching processes affect the observed FRET histograms, we computed twodimensional plots that correlate the fluorescence lifetime and the measured FRET efficiency ( Fig. S6) (9) . These plots were compared to the expected dependence of the fluorescence lifetime with the mean transfer efficiency. We computed the expected values for two scenarios: (i) a single static distance between the dyes and (ii) a distribution of inter-dye distances that is static at the timescale of the fluorescence lifetime of the donor. Scenario 1 directly follows from Foerster theory. For a fixed distance r, the mean donor lifetime in the presence of acceptor is given by 
where I is the time-dependent fluorescence emission intensity. The mean transfer efficiency is calculated as
with L = bN bonds being the contour length of the chain with b = 0.38 nm. In these calculations, we assumed the probability density distribution for a Gaussian chain given by P r (17). We consider a chain with N bonds.
The spatial position of the n th bead is defined by the vector r n . The energy functional shown in the main text has four terms given by the elastic free energy, two body interactions that we use to describe the salt-induced solvation effects, repulsive three body interactions, and electrostatic interactions (in units of k B T = 1).
In the uniform expansion method developed by Doi and Edwards (18) , the perturbation calculation follows a simple scheme in which the expansion of the chain is represented by a change in the bond length from b to b 1 . The end-to-end distribution function can therefore be rewritten as
The mean squared donor-acceptor distance R DA 2 = r 2 is then given by
Using the standard variational approach (uniform expansion method), i.e., B is very small (18) , equation 8 is computed to the second order in the electrostatics term and to first order in all other terms. We do not review the details of the calculation here. Expanding the exponential to first order for B 1 and B 2 is derived in Doi and Edwards (18) . The firstorder expansion for B 3 has been obtained by Dua and Vilgis (19) and earlier by Ha and Thirumalai (17) . Finally, the electrostatics term B 4 is expanded up to second order and the result has been given by Higgs and Joanny (16) . However, we slightly improved the terms that treat the electrostatics of the chains. Higgs and Joanny find the following integrals (their eq. A3 and A4) (16)
for the polyampholyte term and polyelectrolyte term, respectively. Here, G 1 r, m − n ( ) is the Gaussian function for the chain segment between m and n. From here on, Higgs and Joanny take the limit of large κ, i.e., high salt concentrations. Since we would like to use the theory to describe our experimental data that span very low and very high salt concentrations, we solve these integrals explicitly. We circumvent the problematic divergence at m = n by changing the integration borders such that the integral over n goes from 0 to mε and the integral over m goes from ε to N, where ε is very small. The resulting expressions have a well-defined limit forε → 0 , given by 
with the expansion parameter α = b 1 b , the Cα-Cα distance b = 0.38 nm, and the unitless inverse screening length κ 0 = καbN 1/2 . We note that similar expressions have recently been obtained by Bhattacharjee, Kundu, and Dua for weak polyampholytes (20) .
In eq. 10-11, Λ 1 and Λ 2 describe the contribution from attractive and repulsive electrostatic interactions, respectively. With these expressions, the mean-squared distance between the first and last monomer in the chain is given by
with z being a numerical factor.
The fractions of positively and negatively charged amino acids are given by f and g, respectively, which are taken from the protein sequences including the charges of the donor and acceptor dye (-4). The term in squared brackets must be zero and we obtain the well-known Flory-de Gennes form (18)
Here, e is the elementary charge, ε 0 is the permittivity of vacuum, ε r is the dielectric constant of water, and I, is the ionic strength of the solution. For fits of the experimental data in Fig. 3B ,C, we solved equation 13 numerically. To also allow a description of the compaction at high salt concentrations, we assumed the linear relationship of the first virial coefficient with the ionic strength I
with A i and B being salt-concentration independent constants and the index i indicates the type of salt. For each disordered protein, we used global fits with eq. 13-14 of all experimental data with y and B being global parameters and A i being a salt-type specific parameter ( Fig. S1-S2 ). For the different urea concentrations, we replace eq. 14 by
where c u is the urea concentration and A u is urea specific constant. The fitting parameters for all proteins are summarized in Table S3 . The pre-factors for the length scaling at Θ-conditions are obtained from eq. 13 by setting the right-hand side zero. The free energy of a disordered monomer is obtained by multiplying eq. 13 with 2 α 4 and integrating over α (r = αN 1/2 b), which results in a sum of four contributions and an integrationconstant:
Since the difference between the canonical ensemble of the polyampholyte theory and the isothermal-isobaric ensemble of our experiments is small (both pressure and volume are nearly constant), we do not explicitly distinguish between the Gibbs free energies (G) applicable to our experiments and the Helmholtz free energies (F) of the theory. The donor-acceptor distance distribution is then given by P r
Here, Z is the normalization constant. The FRET-value in a folded dimer is 0.22 ( Fig. 2A) , which corresponds to a distance of ~6.7 nm assuming a static distance between the dyes. Since free energies are path-independent, we describe the contribution of the disordered chains to the binding free energy by the process of stretching a disordered monomer to a donor-acceptor distance of R DA ≥ 6.7 nm. As a result, we find that the free energy change of stretching is given by
Here, L is the contour lengths of the chain, r 0 = 6.7 nm, and r min = 0.2 nm is the minimum distance between the dyes. The salt-induced change in stretching (ΔΔG stretching = ΔG stretching (85 mM) -ΔG stretching (310mM)) upon increasing the ionic strength from 85 mM to 310 mM ([KCL] = 75 mM and 300 mM) is then depicted in Figure 3E in the main text.
Global fitting of the binding isotherms for MYC, MAX, and MAD. In total, we performed three binding experiments to identify the mutual interactions between MYC,
MAX, and MAD
Here, C, D, and X indicate MYC, MAD, and MAX, respectively, and the asterisk specifies the FRET-labeled species. Because unlabeled MAX can also form homodimers, we account for the additional equilibrium
Let φ i be the concentration of species i where MYC, MAX, and MAD are indicated by the subscripts c, x, and d, respectively, we solved the following algebraic system
* (mass balance for labeled MYC, MAD, or MAX).
Since analytical solutions of eq. 21 are only possible with approximations, we solved the system numerically using Mathematica 10.3. Importantly, assuming that the homo-dimer equilibrium of MAX is unaffected by our FRET-labels, i.e., K xx * = K xx provides an excellent fit under all conditions, thus indicating that the FRET-labels do not significantly perturb the homo-dimer binding equilibrium of MAX. The same fitting approach was used to determine the equilibrium constants for MAD with MLX and MLX with MONDOA. Importantly, MLX forms homodimers at higher micromolar concentrations.
Even though these homodimers are only marginally populated at the lower nanomolar concentrations used to determine the MLX-MAD and MONDOA-MLX affinities, we nevertheless accounted for them by performing a global fit of the MLX-MAD and MONDOA-MLX data set with a salt-dependence of the type K MLX−MLX = K 0,MLX−MLX s −Δn for the MLX homodimerization reaction. The parameters K 0,MLX−MLX and Δn were global parameters. The obtained dissociation constants are summarized in Table S4 .
Counter-ion binding model for the binding free energies. The counter-ion binding model has been established by Lohman and colleagues (21) and we simply follow their approach. For a simple binding reaction between two charged particles A and B, ions from the solution will either be released or bound by the complex AB. The relationship between released or bound ions Δn and the measured dissociation constant K is then given by
where a is the ion activity and K T is the 'true' dissociation constant including the activity of the ions. Under physiological conditions and for the reactions considered here, pressure and volume are nearly constant and we neglect the difference between Gibbs free energies (G) and Helmholtz free energies (F) thus writing (in units of k B T)
Since a fit with eq. 23 does not provide a good description of the experimental data we included an empirical salt-dependence of Δn
with g 1 , g 2 , and g 3 being fitting paramters. The conversion between salt concentration and salt activity for KCl is given by 
The relationship is based on the measured activity coefficients of KCl solutions (7, 22) .
Dimer variations in the presence of salt fluctuations. Differences in the concentration
of salt ds , e.g., between two different cells or between two locations within the same nucleus, cause fluctuations in the dissociation constant. Our goal is to understand how ds is linked to df , with f being the fraction of complex formed in the binding reaction. In the simple case of a binding reaction A + B → AB , we classically find for not too strong
with b 0 being the total concentration of B. The fluctuations df due to fluctuations in the salt concentration ds around the average s , are given by
Equation 27 shows that the fluctuations df vanish for high concentrations of the ligand b 0 (Fig. 4A,B , main text). The same approach is used for the case of two binding equilibria. Here, the situation is more complex due to the competition of i (MYC) and j (MAD) for k (MAX). With A = k, B = i, and C = j, we have
with A being at very low concentrations such that no MAX homodimers form. The fractions of the two types of heterodimers are then given by
and f ac = c 0 K ac c 0 K ab + b 0 K ac + K ab K ac (28) and the fluctuations are
where we used the abbreviation ∂f ∂x = ∂ x f . From equations 29, it is clear that the fluctuations in both reactions are coupled.
To compute the variation of dimers upon salt-variations in large interaction networks, we solved the laws of mass action numerically. We assumed that each binding reaction has the same average dissociation constant K and the actual dissociation concentration K is given by
The salt concentrations Δs were drawn from a Gaussian distribution with a width of 50 mM (n = 1100) ( Fig. S3A ). For the 'in-phase' scenario, we chose m = 10. In the 'outof-phase' scenario, the slope m was randomly chosen to be -10 or 10 with equal probability for each edge in the network. The total concentration of each monomer was given by c i = K = 10 −9 exp −15 ( ) to probe the most sensitive regime in which all affinities are on average of equal strength. For each value of Δs , we computed the concentration of each dimer c ij . The same calculation was performed with Δs =0, resulting in c ij 0 . The relative change in the dimer-concentration was then given by
For each complex, we then computed the standard deviation To check whether the average over m has a significant influence on the results, apart from smoothing the dependence, we also performed calculations in which the m-values were fixed for each network. As expected, the resulting dimer variations show a large scatter ( Fig. S5B ), but the overall result is very similar to the case in which we average over Δs and m.
Molecular Simulations of unlabeled MYC.
All-atom explicit solvent simulations were run with OpenMM v7.2.2 (23) at constant temperature of 298K using a Langevin thermostat and a friction coefficient 1 ps -1 . The time step for the simulation was 2 fs. The electrostatic interactions were calculated using particle-mesh Ewald (24) and both Leonard-Jones and electrostatic interactions were cutoff at 0.9 nm. The Amber03ws force field (25) was used for proteins, TIP4P/2005 Table S1 . Protein Sequence Table S2 . Pairwise identities (red) and similarities (blue) of the aligned amino acid sequences shown in Table S1 . Values were calculated using the Ident and Sim Program in the Sequence Manipulation Suite provided by bioinformatics.org (28) . Figure S6 . Examples of 2D-histograms of donor lifetime vs. transfer efficiency for disordered MYC at four different concentrations of urea (horizontal) and increasing concentration of KCl (vertical). Black line is the prediction from Foerster theory for a static distance (34) and gray line is the prediction for a Gaussian chain using eq. 3-4.
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